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INVESTIGATION OF A RATEAU SUPERCHARGER FOR
A 700-~-HORSEPOWER AIRPLANE ENGINE* -

By Hermann Oestrich

I. DESCRIPTION

This supercharger is designed for supercharging a 1l2-
cylinder water—-cooled engine of 720 hp. at 1,700 repem.
It is a two—-stage centrifugal compressor driven by the en-
gine through a Farman clutch. Its chief characteristics
are:

Delivery, 0.67 kg/s 1.48 lb./sec.
Pressure, 1,033 abs. atm. 15.185 1b,/sq.in.
Speed, 1,700 rTepoems
Compression ratio, 2
Type of supercharger, centrifugal compressor
Gear ratio, 12.3
Type of rotor, _ open on both sides
Number of stages, 2
Stage 1 Stage 2
Number of rotor vanes, .9 : 9
Number of guide fanes, nons | . none
Outlet diameter of rotor, 260 mm : 260 mm
(10.24 in.) (10.24 in.)
Inlet diameter of rétor, 164 mn 152 nm
(6446 in.) (5.98 in.)
Untersuchung eines Aufl;&ers fg;—einen 700-PS~Flugmotor,"

*® 1

"Automobiltechnische Zeitschrift, August 25, 1933, pp. 405~
411, '
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“-Stage 1 Stage 2

Inlet angle B, at rotor D - 90°. 90°
Outlet angle B, at rotor 90° = 90°
Width of vanepaséége at outlet 18.0 mm  16.0 mm

(0.71 in.) (0.63 in.)

Width of vane passage at inlet
with d=180 mm(7.1 in,) (stage: 1) . 325 mm 31,0 mm
and d=170 mm(6.7 in.) (stage 2) (1.28 in,) (1.22 in,)

Outlet angle of inlet guiding ap~ -
paratus-at maximum. inlet diameter - o

of rotor e T 38 Q0

46

Further details are snown in flgures 1 to 7. See figure 3
for taple of dimensions.

II. TESTING.

For more thorough investigation, the superchargler was
mounted on the test stand of the DVL (Dentsche Versuchsan~
stalt fur Luftfahrt). In order to produce the comdition
of operation at high altitudes, the air inlet was. throt~-
tleds, On the outlet side, the air was coanducted through a
short wide stack into the open. The tests were made with’
the following instruments and methods:

Air measurement: 1912 standard nozzle, diamefef
120 mm (4.72 in,). oo :

Torgque: : cradle-type dynamometer.
Revolution spéed: DVL tachometer.

Inlet pressure!- U-tube with mercury.
Outlet pressure: U~tube with water.

Inlet temperature: alcohol thermometer.
‘Outlet tehmperature: thermocouple.
‘Several sories of tests were nade, in which the Tip.n.

fias gradually incroased. Bach reading was taken after the
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torgque had become constant.e A constant inlet temperature
was not awsited, so that the outlet temperatures had to

" be correspondingly cdrrected.

The measured values are given in table I. With their

. “Help the work:diagram of the: supercharger (fig. 8) 'was
- »plotted in: the- vsual manner.- It -is-valid for an intake’

. ‘temperature:of 20"~ G.(68 F.)- and .8 final pressurs of ‘1, 033
_abs,.atm.. (15.185 1ba/sq.1n.), and shows the relation be-

tween gquantity delivered, compression ratlo, r.p.m.; - poweér
required, and efficiency. If the intake temperature of "
the supercharger is: altered, the" compres31on ratio at.a
glven r.pome is also alteredg The compression ratio at
another intake temperature is determined on the basis of
the fact that the adiabatic delivery. ‘head for the volume
delivered is nearly constant.*¥ A work diagram of general
application.is.-therefore obtained if, instead of.the co-
ordinates. of flgure 8, the volume. dellvered based on the
1ntake condltlon, is.chosen as the abs01ssa and the effec~
tive. adlabatlc dellvcry head as the ordlnate, as was done
in figure 9. In the latter. figure the. llnes of constant
revolution speed and constant efficiency are, within broad
limits, independent of the intake pressure and temperature.
The other lines.are valid for a final pressure of 760 mm
(29.9: in.) Hg and. a relation.between the intake pressure
and.- temperature correspondlng to that in the CINA (Commlt—
tee Internatlonale de. Nav1gat10n Aerlenne) standard atmosg—
phere.

L By“the adlabatdc“dellvery headlls meaht'the'amount of
energy requlred for the adiabatic compress1on of one kilo-
gram of .the.air to the deslred final pressure.. For the

- adlabatlc delivery head Had in tne compression from the

pressure. p, . to the pressure pz, .with the customary o=
tation in thermodynamrcs,mwe have i ‘

*This restriction must be made because the volume deliv-
ered varies during the compression and the proéportional
variation is also affected by the compressioa ratio,.
Hence the air velocities at the rotor inlet and outlet,
which decide the delivery head, cannot be fully and defi-
nitely determlned from the rotor r.p.m. and intake. vol—
'L.."Ge.
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Wlth thls equatlon the compres51on ratlo"pa/p1 ‘at aigiven
1ntake temperature can therefore be' caliculated from ‘the ad-

,1abatlo dellvery head Hagq ‘and the 1ntake temperature Ty e
ok order to s1mp11fy the determlnatlon of the compreSsion

ratlo, tae funotlon
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was: plotted in. flrure 10.‘ After the dellvery head nas
. -been determlned from flgure 9 for a certaln operatlng é¢on-
cdition, the correspondlng compress1on ratlo is then’ ob—'

tained by~ leldlng the, dellvery head by the absolute in-
take.- temoerature and iz troduclng the quotlent 1nto flgure

B4

In superchar ers the constanﬁ—pressure altltude 1s

-qgus; as, important-as. the compress1on ratwo. By tnls is-
meant the . altitvde up, to whlch the supercnarger is able to

compress the air to the pressure at sea’léevel,

.The- difference between. the adlabatlc delivery head

fand the constant~pressure altltude is ‘sinall,, The explana~

tion eof this. is 31mp1e.armne ehlstepce of equlllbrium ‘in

gtne atmosohere 1s based on the assunptlon that the conr-
_Dress1on energy absorbed by oné kilograh of air in pa351nb

from the altitude H; ' to the altitude H,, - under con-:
stant heat exchange with the ‘environrent, “#mst equal ‘the

: enorgy glven of f - by it due -to.  the change in altitude..

"If He = 0 then. p-s”;';s" : ].i;;;“w””"
R K o ”u?,de-
E =) v dp.= [ =5 1
U | - _21_,Kn_

where the relation-ﬁretailiné in the atnospnere at the
tine mpust be inserted between p and v. If the relation
is inserted which was estadlished by the CINA for the stand-
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ard:-atmospheres..on.the, basis .of . numerous experiments. H,
represents the CINA altltude correspond1ng to air. condi-

"tlon Lo

Since, in the compression ‘on the basis of the rela-
tion between p and v in the CINA atmosphere, the tem-
perature of the air increases, although not so much as in
the adiabvatic compression, the geometric altitude H,;, at
which the air is in the conditjon 1, must be lower than
the adiabatic but higher than the isothermal delivery head
reqvieite forflts compreSslon to the atmovpnerlc pressure
at” gea Tovels '

Figure 11 represents: the relatlon between the CINA
constant~pressure altitude and the requisite delivery
head for attaining this alt;tude. In order to enable an
accurate reading 'in a small space, the diffgrence between
the adiabatic ‘delivery head and the corres ponding CINA
constant~pressure altitude was plotted agalnst the CINA

‘altitude and the- adlabatlc delivery head. It is seen that

the difference is very sllght espocially for altitudes
below 6,000 m (19 685 . ft,). igure 11 also contains the
decreaso in ‘the absolute- temperature T 4dnd -the relative
decrease in “tile air pressure p and the alr aens1ty Y-
plotted dgalnst the CIFA altitude. : : :

- With the 2id.ef these -relations, the CIWA econstant-—
pressure ‘altitude:and the corresponding CINA compression -
ratio, for-a-given revolution speed and quantity deliv-

ered, can be: immediately determined from figure 9., In or-

der to .emnable a guick approximation of these valuwes from:
figure 9, the CINA constant-pressure altitudes correspond-
ing to the adiabatic delivery head and the corresponding’
CINA compression ratio were plotted . on a special scale of
ordinates. - Figure 9 also .contains the lines of counstant '
power.and deélivery weight «resulting from normsl atmos—

pheric -conditions and a final pressure of 760 mm Hg. ,
‘These lines, .as likewise the speclal ordinate scales; are

therefore valid only for.the casec whereo 'thé dame rolatiovn
exists between temperature and pressure in the CINA ‘atmos~-
phere and where the final pressure is equivalent to 760 um
Hg in ‘conmtrast with the Tines ‘of constant revolution speed
andrefficiency, which.are independent of the Anitial tem-
perature and pressure and always remain.practically con- -
stant.* : . i B
¥Slight variations in the adiabatic efficiency are due to
the fact that the mechanical~friction losses do not wvary
according to the power required for the compression. See
footnote, page 3, regarding sligat variations in adiabatic
delivery head,
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. The- de“iVery welght ¢  and the ‘required power N -«
cHn genérally be idalculuted from.l SR s

bl
G =¥y vy =TVi 0.464 5= kg/s

W=t

i:where b denotes the aerodynamlc pressure in mllllmeters
‘of mercury and the subscript L reférs to° the 1ntake con-
dltlon.

The power curves 1n flgures 8 .and 9 show that the best
adlabatlc efflclency is somewhat above 54 percent and is
attained at 1,400 r. Dell, and for a delivéry of O, 775 m3/s
(27.37 cul.ft. ) (based.on the intake condltlon), the adia~
batic delivery head being 4,200 m.(16,076 . ) and the
corresponding CINA compress1on ratlo 1,81, . For normal 0P~
eration: (n.= 170Q repems and..G = 0,67 Yg/s (1e48 1D,/
secs))s the adiabatic efficiency . ﬂad 52 percent, the
adiabatic . delivery head Hag.=-6, , 500 .m (21,325 ft, ), the
CINA- constant~pressure altltude HCINA'— 5,240 :m (20 472
ft.) and the CINA compression ratio (po/p)CINA = 2432

=*nnlIn order to understand -the flow conditions in. the
supercharger, the air velocities at various points, the
theeretlcal ‘delivery heads and 'several characteristics
-rare’glven in- table II., Of the theoretical delivery heads,
only those-obtained without. guide. vanes can be accurately
wdetermined, "It‘appears hopeless. to try to calculate the
influence of the .guide vanes on the delivery head for any
rgiven. delivery quantity,. becanse:the flow conditionmns in -
the guiding apparatus are so unsettled. This also.ac-
counts for the inability to calculate the delivery quanti-
ty faqr undisturbed inflow. Judging from the angles:of the
dnflow guide vanes, the delivery quantity under normal op-
erating conditions seems to be less than for undlsturbed

. inflow and the same -revolution speed. co -

For the delivery quantlty with undlsturbed inflow in~-
to the rotor, the theoretical delivery head. could: be cal—
culated on the -basis of an assunpbion more clearly deslg~
nated 1p“tab;e I1T :
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III. SUMMARY

o The Rateau supercharger investigated had, under nor-

{ mal operating conditions (n = 1,700 ropeme and G = 0,67
kg/s), an adiabatic efficiency of 52 percent, the CINA .
constant-pressure altitude being 6,240 m (20,472 ft.) and
the corresponding CINA compression ratio being 2.22. 1Its
best adiabatic efficiency was 54 percent at 1,400 r.p.m.
and with a delivery quantity of 0,77 m3/s. The power re-= .
quired under normal running conditions was 110 ‘hp. In or-
der to understand the flow conditions in the supercharger,
the air velocities at various points, the theoretical de-
livery heads and a few characteristics were calculated,

IV. APPENDIX

Calculation of the Mean Inlet Diameter

The mean inlet diameter is necessary to determine the
theoretical delivery head with undisturbed inflow. In this
case the generally valid formula, for a blower with radial
vanes at inlet and outlet, is

-+ l -
Etheor.® = z (uz® - u,?) (1)
) In the blower investigated, the inflow into the rotor does
not occur at a certain definite diameter D,, but, as

shown in figure 12, at diameters between D5 and Ds, i.e.,

an an annular opening, The peripheral velocities there-
fore lie between wu; and us.
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~ o Table I. kporﬁenm values

’ [+
Date: Aug. 12, 193l. 011 temperature: 50 to 60°C
Barometer: 758.2 mm Hg . 0il pressure: 2 to 3 atm,
I Temp. increaseof
. Pressure | Pressure | Pressure| Tempera~ | o
No. | Time .:;2;?1{2'2 B:;:Lf: " cof;’;«:i?d beforesu-| behind |difference| ture air "é';;'{:‘.;':”l’"é‘nhdagn
' percharger| nozzle [in nozzle| inflow®* of experiment
: x mm Hg | mm H,0 ' a .
h:min, rp-m. 537 mKkg | pog” pres. | neg pris. | ™™ H,0 Degrees centigrade
1 50 1000 49,0 151 185 - 155 20 ! 31,7
2 : 50 1163 | | 605 189 228 194 I 43,2
3 35 1008 49,0 154 182 . 154 I 32,8
4 10 1170 50,1 240 116 96 " 49,5
5 10 1340 61,3 ' 286 130 110
6 10 1520 70,2 ' 340 142 120
7 10 1595 74,9 : 363 149 124
8 10 698 22,1 102 50 43 20 19,0
9 10 902 33,8 ' 160 78 67 20 29,3 30,6
10 10 112 47,5 . 221 104 88 20 43,8 45,2
11 10 1320 | 587 288 122 104 20 62,5 66,0
12 10 ' 1450 66,5 326 135 116 20 71,2 79,5
13 ; 10 1705 80.6 \ 384 150 ! 126 20 103,0 107,0
14 2 46 15 702 23,2 : 92 75 83 21 23,3 21,2
15 15 925 38,0 ‘ 149 121 102 21,5 203 | 305
16 15 1093 50,3 | 195 169 136 21,6 414 | 414
17 16 1247 61,56 - [ 232 - 189 158 21,6 - 542 . 353
18 16 1395 72,8 272 218 185 21,5 66,0 ! 67,7
19 | 257 20 710 24,2 93 85 74 216 | 155 | 155
20 3 02 20 917 38,7 142 136 115 21,3 ! 258 ° 258
21 | 303 20 1092 52,1 187 180 154 21,0 L874 38,7
22 20 ' 1318 69,9 241 230 ' 197 21,0 ! 55,3 ! 57,6
23 | 3 06 20 | 1310 70,1 242 232 | 198 21,0 | 587 587
24 314 | 35 665 22,8 84 83 70 l 20,5 ' 16,3 16,3
2 | 316 | 35 905 39,5 185 144 121 i 203 28,3 23,3
26 3 17 [ 35 1080 52,8 178 191 163 20,2 36,2 |, 374
27 3 20 [ 35 | ' 1328 71,6 232 247 212 20,2 54,2 | 55,2
H | .
28 | 322 | 70 713 25,2 .9 91 79 204 | 211 |
29 3 24 70 912 39,5 i 137 146 . 123 20,3 ' 25,8 25,8
30 3 26 i 70 1090 53,0 180 196 167 20,2 : 36,2 . 370
31 3 28 70 1208 62,6 206 222 190 20,0 . 45,0 46,2
32 | 332 8 688 - 17,8 107 26 24 20,0 Coagy | 247
33 | 334 8 947 30,1 186 41 34 20,0 352 - 374
34 3 36 8 1115 37,3 236 18 42 20,0 483 | 50,7
35 | 337 8 1332 16,9 310 51 44 20,0 70,5 76,0
36 | 339 8 1540 54,7 366 54 16 20,0 955 | 101,0
37 8 1760 63,2 430 54 47 ! 20,0 126,0 : 136,0
38 0 344 ' 9 698 19,6 106 39 32 I 203 28,1 |, 24,7
39 347 9 937 31,7 174 60 53 20,3 34,0 36,2
40 3 48 9 1090 40,7 225 73 64 20,0 44,9 46,2
41 3 51 9 1340 54,1 300 90 76 20,2 86,0 68,6
42 9 1505 63,3 353 100 85 20,2 86,3 89,7
e 43 3 55 9 1765 74,7 416 ' 107 : 90 20,56 i 113,0 { 118,6
44 10 1735 82,6 402 148 125 20,3 " 1080 113,0

* Simultanecus temperature of air in nozzle

mkg x 7,23298 = ft.-1b,
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TABLE II. Investigation of Flow Conditions,
- S 1o Operating
conditions
Symbols : Best
Normal |effi-
cilency
a) Air velocity
l. Supercharger inflow and outflow
Intake air volume Ve 1.05 |0.775 kg/s
Revolution speed ng 1700 1400 TePela
CINA constant-pressure alti-
tude HoIina 6240 | 4750 m
' Po
CINA compression ratio — ) 2.22 1.81 -
P /cIna
Adiabatic efficiency Nad 0.52 0.54 -
Mechanical efficiency of su-
percharger including drive,
assumed Nm 0.90 0.90 -
Hydraulic efficiency, based
on adiabatic performance Nhyd.ad. 0.577 ] 0.60 -
N
Relative temperature increase, (%] 1.258] 1.1865 -
adiabatic \t/ad
Relative temperature increase, S
effective (With My 4..q (;- 1,447 1,311 | -
calculated) yGeacs tseff
"Resulting compression exponent n l.86 1.84 -
Intake temperature (cdrre—
sponding to CINA constant- Te 247.5| 257 ox
pressure altitude)
Outflow temperature (calcu-
lated) To 358 337 °x
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TABLE II (continued)

Operating
conditions
Symbols Best
Normal |effi-
ciency
Ailr deunsity ratio .
N1
A (E )% <1> 1,535 | 1,381 -
Y D/ Y/ off
Outflowing air volume Vo,  |0.683 |0.562 |m3/s
Inflow section of supercharger Fq 123 123 cm?
Qutflow " i " F, 95 9b cm=
Inflow velocity of air Ceg 85,3 63 m/ s
Outflow " W . eg 72 | 59.1 | m/s
2. Stage 1
Axial flow section before en~
trance to first rotor Flox 179 179 | cm®
Mean cxial-~flow velocity claxy 58,7 43.3 m/s
Flow section in rotor at
r = 90 mm (3.54 in.) Flyy 174 174 cn®
Flow volume a2t rotaor inlet
(r = 90 mm) - Vigg 1,05 {0.775 |m3/g*
Relative velocity in rotor
(r = 90 mm) wloo 603 | 44.5 | m/s
Flow section at rotor outlet i, 146 146 cnf
N Flow volume " " " vy, 0.928 [0.709 |m3/s*
A Relative velocity at rotor
lj outlet wi, 63.5 | 48.6 | m/s
1 :
1

*Sees table III.

.
!
|
|
|
|
)
|
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TABLE II (continued)

11

Operating
conditions

Symbols Best
Normal |effi-
ciency
3. Stage 2

Axial flow section before in- o

let to second rotor FYoax 141 141 em?
Volume of flowing air V'ax 0.830 | 0.652 | m3/g*
Mean axial velocity cMaxy 58.8 46.2 | m/s
Flow section in rotor

(r = 85 mm) (3.35 in.) L 158 158 | cm®
Flow volume in rotor

(r = 85 mm) v 0.830 | 0.652 | m3/g*
Relative velocity in rotor

(r = 85 mm) W 5245 41.2 1 m/s
Flow section at rotor outlet T, 130 130 | cm®
Flow volume " " L A 04750 { 0,603 | m3/s*
Relative velocity at rotor

outlet wh 57.7 46.3 m/s
b) Delivery heads
Effective delivery head (adi- :

abatically calculated) Hore 6500 4900 m
Periphieral velocity at outlet :

of stages 1 and 2 s 284.5 | 234.5| m/s
Theoretical delivery heads

without guide vanes, with

infinite number of rotor

vanes cheor.m 16450 11150 m

*See table III.



TR

N.A.C.A, Technical Memorandum Fe. 738 12
TABLE II (continued)
Operating
conditions
- ' Best
Symbols | Normal | effi~
_ ciency

b) Delivery heads (cont.)

Minimum power factor for fi- 1 1l.467 1,467 -
nite number of vanes ace 3 to to
cording to Pfleiderer 1.583 1,583 -

Theoretical delivery head 11220 7620 m
without guide wvanes, with Hinheor. to to
9 rotor vanes 10380 7030

Mean peripheral velocity at
rotor inlet, stage 1 ully 142.5 | 117.7 |m/s*

Mean peripheral velocity at
rotor inlet, stage 2 u'lp 134.2 110.7 |m/s*

Theoretical delivery head
with undisturbed inflow, Htheor.® 12560 8530 n
rotor vanes o

Theoretical delivery head 8560 5820 m
with undisturbed inflow, Htheor. to to
rotor vanes 9 7930 5390 m

¢) Coefficients

Load characteristics

v
5 = £ 8
Uy Ry
Stage 1: 0.193 0,179 -
Stage 2: 0.156 0.154 -
Pressure-~head char-
acteristics
Hors .
W= o 0395 0.440 -
oy 2

*See Appendix.
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TABLE III. Calculation of Flowing-Air Volumes

at Various Points in the Supercharger

13

The calculation of these volumes is necessary, in or-

der to determine the air velocities at the different
It started with the assumption that the tempera-

points.

ture increase of the air is the same in each stage and
that the temperature increase in the rotor is half that in

the whole stage.

1) ny, = 1,700 repema}

‘e = 1405 w/s; G = 0.67 keg/s;

Te = 247.5 °K; Da/Pe = 2.22; n = 1.86
T/Te v/YVe v
Supercharger inlet 1 1 1.05
Rotor 1, inlet 1 1 1.05
n 1, outlet 1,112 1.131 0.928
" 2, inlet 1,224 le265 0.830
" 2, outlet 1e336 14400 0.750
Supercharger outlet 1,447 « 535 0.683

2) Ng = 1,4:00 TePelley

Ve = 0775 m3/s;

G = 0.587 kg/s;

Te = 257 °K; p./Pg = 1481; n = 1.84
! T/Te Y/ Ve v
Supercharger inlet 1 1 0,775
Rotor 1, inlet 1l | 1 0.775
"1, outlet 1.078 1,0935 0.709
n 2, inlet 1.156 1,1885 0.652
"2, outlet 1.234 1.284 04603
Supercharger outlet 1,311 14381 04562

The theoretical delivery head for the rotor of the
blower investigated is therefore

, 7w ae
(u:a,_?'_...____‘> (2)

1
Htheor,® = g Uz G
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%

J u® 4G _
1f *——F—— = 1w, £, them u'=rw, the square of the
mean inlet radius a
S T2 4G
.3 _ . : :
;lnﬁ = . (3)
Over the ianlet cross section ¢ = constant (approximately).
Thean equation (3) becomes
4
J r® 4av
Ty = a_T—— (4)

where V = denotes the flowing volume.

G
w .
Now 4V = coy dF = 4w r® = 2m r dr. Hence

4
BT [ Cam r3 dr
3

I‘lﬂie = v (5)

If cgx were constant throughout the inlet cross section,
we would then have V = cpx 27 (r,® = r;®) and

T =% (5,? + r,?) (6)

The axial inflow velocity is not constant, however.
Since the air flows from the entrance spiral, the veloci-
ty at the point of maximum deflection of the streamlines,
iecey at the maximum inlet diameter, is the highest and at
the mininmum deflection of the streamlines, is,e., at the
minimum inlet diameter, it is the lowest. The calculation
of the velocity distribution over the inlet cross section
might still be very difficult, due to the influence of the
inlet guide vahes. Moreover, due to the sharp bend in the
vicinity of theo maximum inlet diameter, no potential flow
can be expected. It is therefore assumed, as an approxi-
mation, that the velocity increases in proportion to the
inlet radius according to

Cax = k1 T (7)
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Introduced into equation (5), this yields

15

3 1,5 - 15
T T g % r:S - r:a (8)
For =r,, Wwe obtain:
Stage 1 Stage 2
According to equation (8) 6542 mm 61,3 mn
n ] u (6) 6243 " 59,.% "

The difference in the values of ;.

under the

given assunptions for the velocity distribution is there~
fore not very large. It may bo assumed that the actual
value of r,n differs still less fron that ‘calculated ac-

cording to equation (8).

Treanslation by Dwight M. Miner,
Yational Advisory Comnittec
for Acronautics.
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‘r <l
Intake cross-
section
Section E-F Guide channels

Suction side of spiral housing
Figure 2.~Inlet spiral and guide channels.
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(I:uction 3131'2? Compressed-air housing
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inlet and outlet spirals.
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on following page.)
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Figure 3 (continued)

Housing of spiral ~ Compressed—air chamber
Loecation : '
of Inside . . . .
section dimensions Section | Inside dimensions | Section
h R A-A h R b B-B
degrees | nn mm cn® mm mm mm cm®
0 0 82 F =0 0 155 - F =20
45 32 114 21.0 15 170 - 4.6
1°10] 60 142 44,2 26.51 181.5 ]| 42 10.1
125 84 166 A3 e2 37 192 50 18.0
180 103 185 79.8 48 203 62 29.2
225 118 200 93.4 59 214 70 40.5
270 129.5|211.5 102.5 70 225 76 51.8
315 141 223 112.4 81 236 82 65.4
. 360 150 l282 118.5 92 247 90 80.8
Inlet section ' OQutlet section
145 X 85 mm = 123 cm?® 110 & = 95 ¢cm?®

mm X 0,03937 = in. cem® X 0,155 = sg.in.
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Figure 5.~
Supercharger

and gear

separated.

Filgure 7.-
Details of
supercharger
(further
separated),

Figs. 4,5,6,7

Figure 6.~

supercharger.
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Figs. 9,10,11,12
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